P ay-for-performance initiatives, which explicitly link financial incentives to the performance of health care providers, have been adopted in several countries in recent years. 1, 2 These programs aim to improve the quality of care provided, which should result in better patient outcomes. However, evidence that improvements in health are realized in practice is currently lacking. [3] [4] [5] Few programs have been subjected to robust evaluation. Programs that have been evaluated show modest and short-term improvements at best on measures of processes related to financial incentives. 6, 7 There is particular concern about the long-term effects of pay-for-performance initiatives, since initial improvements in measures of quality that are associated with incentives may not be sustained. 8 The largest hospital pay-for-performance initiative to be implemented to date, the Premier Hospital Quality Incentive Demonstration (HQID), failed to have a significant effect on mortality within either the first 3 years 9,10 or the first 6 years 11 of its operation. Our previous evaluation of the Advancing Quality program, 12 an initiative based on HQID, showed that its adoption in one region of England in 2008 led to a clinically significant reduction in 30-day in-hospital mortality during the first 18 months. The fact that the program had a more positive effect in England than in the United States has been attributed to the universal participation of hospitals within the region in England, the larger bonus payments, and the collaborative nature of the initiative, which led hospitals to make more general investments in quality improvement. We have extended our earlier analysis to consider the longer-term effects of the policy over an additional 24 months.
Me thods

THE INCENTIVE PROGRAM
Starting in October 2008, all 24 hospitals providing emergency care in the northwest region of England participated in the Advancing Quality program. From the beginning, the initiative involved reporting on measures of quality of care related to clinical conditions in five categories: acute myocardial infarction, heart failure, pneumonia, conditions requiring coronary-artery bypass grafting, and conditions requiring hip or knee surgery. Our analysis focused on the first three, which represent conditions for which patients are hospitalized on an emergency basis for treatment.
The financial reward system changed twice during the 3.5-year period under consideration. The first year was run as a pure tournament, with hospitals scoring in the top quartile on the quality metrics linked to incentives receiving a 4% bonus payment and those in the second quartile receiving a bonus of 2%. For the next 6 months, financial incentives were awarded on the basis of three criteria. Providers whose performance in this period was ranked above the median score from the first year were awarded an "attainment" bonus. Those earning this attainment bonus were then eligible for two further payments, which were awarded to hospitals in the top quartile for improved performance and those in the top two quartiles for absolute performance. There were no penalties or withholding of a percentage of reimbursement for poor performers (those not qualifying for a performance payment) during these first 18 months.
After the first 18-month period, the structure of the financial incentives changed again. Instead of bonuses, a fixed proportion of the hospital's expected income was withheld and paid out only if required performance thresholds were reached. The performance indicators remained the same, and required levels of achievement were based on the quality scores that had been achieved by each hospital in the first year of the Advancing Quality program.
The total amounts of money potentially linked to performance were kept constant throughout the period. Bonuses of $5 million (£3.2 million) were paid to hospitals in the northwest region for the first year and bonuses of $2.5 million (£1.6 million) were paid for the next 6 months. When the incentives changed from bonuses to penalties, the total potential losses for hospitals were $5 million each year if all hospitals failed to meet all the targets for the five conditions under evaluation.
The financial payments were made to the hospitals, not to the clinical teams directly. Hospitals made some investments in additional staff in the specialties covered by the Advancing Quality program when the existing staff made a convincing case that these investments were necessary, but these investments were not dependent on the receipt of bonuses. 
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The Advancing Quality program included only hospitals in the northwest region of England. Two other regions began to institute the Advancing Quality measures during the long-term period of our study, but they did not have access to any of the supporting mechanisms in place for the northwest region. A small number of hospitals outside these three regions also instituted a financial-incentive program for similar clinical conditions, but again with no supporting mechanisms. We included these hospitals in the control group in the main analysis and tested the effect of their exclusion (for details see the Supplementary Appendix, available with the full text of this article at NEJM.org).
DATA
Data on the quarterly performance of hospitals with respect to quality measures related to the incentive program were obtained from Advancing Quality administrators. Data on patient characteristics, coexisting conditions, and mortality were obtained from national Hospital Episode Statistics (www.hesonline.nhs.uk). As with our previous analysis, we used data for all patients in England who were admitted on an emergency basis for treatment of acute myocardial infarction, heart failure, or pneumonia. We obtained equivalent data for patients admitted in an emergency for one of five primary diagnoses that were not related to the incentives in the Advancing Quality program or national programs at any point during the study: acute renal failure (International Classification of Diseases, 10th Revision [ICD-10] codes beginning with N17), alcoholic liver disease (K70), intracranial injury (S06), paralytic ileus and intestinal obstruction without hernia (K56), and duodenal ulcer (K26). (In our previous study we included pulmonary embolism as a condition not related to incentives; pulmonary embolism was not included in this analysis because it was related to incentives in a separate national program in April 2010.) These conditions were selected for our earlier analysis to meet the following criteria: no clinical linkage to any condition included in the program, sufficient volume (more than 9000 admissions in England per year), a 30-day mortality of more than 6%, and more than 80% of deaths occurring in the hospital within 30 days after admission.
Data were obtained for patients admitted between April 1, 2007 , and March 31, 2012. We divided the data into three periods: the 18 months before the introduction of the program, the first 18 months of its operation (referred to as "short term"), and months 19 to 42 of the program (referred to as "long term"). The final sample included 390,652 patients admitted for acute myocardial infarction, 338,921 for heart failure, 761,954 for pneumonia, and 333,991 for conditions not related to incentives, all of whom were treated at 1 or more of the 161 hospitals throughout England. We analyzed in-hospital mortality during the first 30 days after admission.
STATISTICAL ANALYSIS
We calculated the expected risks of death using logistic-regression models at the patient level that included sex and age, 31 coexisting conditions included in the Elixhauser algorithm, derived from secondary ICD-10 diagnostic codes, 13 type of admission (emergency or transfer from another hospital), and the location from which the patient was admitted (own home or an institution). The analysis of risk-adjusted mortality was performed with data aggregated on the basis of the 3-month calendar period and the admitting hospital.
We used two analyses to test whether the incentives had an effect on mortality. The first was a between-region difference-in-differences analysis that compared changes in mortality over time between the northwest region and the rest of England for conditions that either were or were not linked to financial incentives. The second was a triple-difference analysis that compared the changes in mortality over time between the conditions that were linked to financial incentives in the northwest region and the rest of England, then subtracted the changes in mortality over time between the northwest region and the rest of England for conditions that were not linked to program incentives.
We estimated the effects for the combination of all three conditions linked to incentives, for the combination of all five conditions not linked to incentives, and for each individual condition. We weighted condition-specific mortality using total admissions over the entire study period to ensure that the combined mortality series did not reflect changes in the relative volumes of patients admitted for different conditions. To account for temporal trends, we included an indicator for each of the 20 quarter-year periods in all analyses. To account for differences among hos- pitals, we assigned an indicator to each hospital in the analyses of individual conditions and assigned an indicator to each combination of hospital and condition in the combined analyses. We estimated separate effects for the short-term and long-term periods by including terms for the interaction between the intervention group and each of the two post-implementation periods (see Sections S1, S2, and S3 in the Supplementary Appendix for details).
R ESULT S
Hospital Performance on Quality Measures
The average performance reported by the participating hospitals on all the measures of quality improved in the first 18 months and improved further in the following 24 months, particularly for heart failure and pneumonia (Table 1) . Analysis of performance according to quarter (Fig. 1 , and Section S4 in the Supplementary Appendix) showed that rates of improvement slowed over time and, for some measures, especially acute myocardial infarction, plateaued at high levels toward the end of the period.
Patient Characteristics
The characteristics of the patient populations in the northwest region and the rest of England were similar before the initiative was introduced, with a slight tendency for patients in the northwest region to be younger and to have more coexisting conditions (Table 2) . Similar changes over the short-term and long-term periods in admis- sions and patient characteristics were observed in the two regions.
Mortality
Risk-adjusted mortality decreased over time in both the northwest region and the rest of England for all eight conditions in the study (Table 3 ). In the short term, the difference in mortality between the northwest region and the rest of England was significantly reduced (Fig. 2) . In the long term, mortality in the northwest region remained lower than mortality before the program was introduced, but the difference between the two regions returned to its pre-intervention level.
The between-region difference-in-differences analy sis confirmed that the initiative had a significant overall effect on mortality in the short term (−0.9 percentage points; 95% confidence interval [CI], −1.3 to −0.4), with a significant reduction in mortality among patients with pneumonia (−1.5 percentage points; 95% CI, −2.3 to −0.7) and nonsignificant reductions among patients with acute myocardial infarction (−0.1 percentage points; 95% CI, −0.9 to 0.6) and those with heart failure (−0.2 percentage points; 95% CI, −1.1 to 0.7). The triple-difference analysis showed an overall short-term effect of −1.5 percentage points (95% CI, −2.6 to −0.5), with a significant reduction in mortality for pneumonia (−2.2 percentage points; 95% CI, −3.4 to −1.0) and nonsignificant reductions for acute myocardial infarction and heart failure.
Between the short-term and long-term periods, the risk-adjusted mortality for conditions linked to incentives fell by 1.6 percentage points in the northwest region of England and by 2.3 percentage points in the rest of England. The greater mortality reduction in the rest of England (by 0.7 percentage points; 95% CI, 0.3 to 1.2) primarily reflected the reduction in mortality among patients with pneumonia (1.1 percentage points; 95% CI, 0.4 to 1.8). However, the reductions in mor tality for conditions not linked to incentives were larger in the northwest region than in the rest of England. The triple-difference analysis showed a larger reduction in mortality (by 1.9 percentage points; 95% CI, 1.0 to 2.8) in areas outside the northwest region than in the northwest region between the short-term and long-term periods.
Thus, the short-term improvements in mortality in the northwest region as compared with the rest of England were not maintained. The change in mortality from before the start of the initiative to the end of the long-term period was not significant in either the between-region difference-in-difference analysis (−0.1 percentage points; 95% CI, −0.6 to 0.3) or the triple-difference analysis (0.4 percentage points; 95% CI, −0.6 to 1.3).
We verified that the trends in mortality were similar in the two regions before the introduction of the program (Section S5.2 in the Supplementary Appendix). Data on out-of-hospital deaths were incomplete for the final 3 months of the study period and were not included in our main analysis. In sensitivity analyses, we confirmed that our findings were unaffected when we also included out-of-hospital mortality (which was less than 1 percentage point higher than in-hospital mortality for all conditions) (Section S5.3 in the Supplementary Appendix) and baseline mortality (Section S5.4 in the Supplementary Appendix) and excluded a small group of control hospitals in which the incentives for the same conditions were introduced only in the long term (Section S5.5 in the Supplementary Appendix). Sensitivity analyses also confirmed our findings when we examined 90-day in-hospital mortality rather than 30-day in-hospital mortality (Section S5.6 in the Supplementary Appendix).
We considered the possibility that the loss of effect might be due to improvements in care in the * The five conditions in the study that were not linked to incentives were acute renal failure, alcoholic liver disease, intracranial injury, paralytic ileus and intestinal obstruction without hernia, and duodenal ulcer.
control regions and the possibility that the loss of effect might be due to improvements in care for conditions not linked to incentives in the participating hospitals. These are sometimes called "spillover effects" 5 (i.e., effects of the intervention that occur outside the targeted clinical or geographic area). We found limited evidence of a positive spillover effect for both possibilities.
In particular, the early results of the Advancing Quality program had been widely disseminated in England, and two regions had adopted a form of the program incentives: these regions had a greater reduction in mortality in the long term than control regions that had not adopted the incentives, although the reduction was significant only for acute myocardial infarction (Section S6 in the Supplementary Appendix). We also found limited evidence of a positive spillover effect within the Advancing Quality hospitals: among conditions not linked to incentives, the largest reductions in mortality in the long term were seen for conditions treated by specialists who also treated conditions that were linked to incentives (Section S7 in the Supplementary Appendix).
The 
Discussion
Our earlier work showed that the introduction of a pay-for-performance program for all hospitals in the northwest region of England was associated with a significant reduction in mortality for the conditions linked to incentives in the first 18 months of the program. The current analysis shows that in the following 24 months, although mortality in this region continued to decline, the declines for the conditions linked to incentives were smaller. In addition, as compared with mortality in the period before the initiative was instituted, there was no longer a significant difference in the decline in mortality between the northwest region of England and the rest of the country. These findings were due in part to the significant reductions in mortality between the shortterm and long-term periods for conditions linked to incentives in the control regions, which were not matched in the northwest region. For the conditions that were not linked to incentives, we found no significant regional differences in the changes in mortality in the short term, but reductions in mortality between the short-term and long-term periods were significantly larger in the northwest region than in the other regions. We considered several explanations for these effects. The first is that the incentives were no longer effective, possibly because of the change in the incentive structure from bonuses to penalties. The continued improvement in performance on the quality measures for conditions linked to incentives in the Advancing Quality hospitals suggests that the incentives may still have been effective, but we have no data from control hospitals for these measures. It is also possible that initial reductions in mortality reflected the effect of the intervention on the most severely ill patients, leaving less room for subsequent reductions in mortality.
Another possible explanation is that there were positive spillover effects in the quality of care from participating hospitals to control hospitals and, within participating hospitals, from conditions linked to incentives to those not linked to incentives. We found some modest evidence for both types of spillover effects. After the early results showed reductions in mortality, two other regions in England introduced the financial incentives for the Advancing Quality measures during the long-term period of our study, albeit with none of the supporting mechanisms of the Advancing Quality program. As compared with the regions that did not introduce the incentives, these two regions had a larger long-term reduction in mortality for the conditions linked to incentives, although the reduction was significant only for acute myocardial infarction. Our finding that among conditions not linked to incentives, the largest reductions in mortality were for conditions treated by the same specialists who were treating conditions that were linked to incentives also lends some sup- port to the hypothesis that there may have been positive spillover effects in the Advancing Quality hospitals. Spillover effects have previously been considered in the literature. 14,15 They may be regarded as positive consequences of a successful quality-improvement program or as negative consequences if their effect is to reduce the quality of care for conditions not linked to incentives. 5, 16 Further exploration of positive and negative spillover effects of pay-for-performance initiatives will be important.
In conclusion, although short-term improvements in the quality measures for conditions related to incentives were sustained in the long term, our analyses provide no evidence that the incentives have a long-term effect on 30-day mortality. Possible explanations for this result are that the effects of paying for performance were temporal, early effects on outcomes were easier to achieve (i.e., they represented low-hanging fruit), the nature of the incentive was changed (from bonuses for good performance to the withholding of a percentage of reimbursement for poor performance), and there were unintended but desirable spillover effects into other geographic and clinical areas.
